Background: Events and conditions during childhood have been found to affect health and mortality at later stages in life. We studied whether childhood conditions explain the observed all-cause and cause-specific mortality disparity between income groups in adulthood. Methods: We used a 10% register linked sample of Finnish households in the 1950 census identifying 51 647 children aged 0-14 with at least one sibling of the same sex and followed them for mortality from the age 35 until ages 57-72. Using Cox regression with sibling design, we estimated hazard ratios (HRs) for quintiles of personal income at the age 35. We controlled for observed childhood family sociodemographic characteristics and allowed different baseline hazard functions for each group of siblings in order to control for all shared unobserved characteristics within families. Results: Accounting for the observed childhood characteristics did not attenuate the income disparity in mortality, whereas adjusting for the sociodemographic characteristics in adulthood reduced the difference of the lowest quintiles by $70% among men and 30-40% among women. Controlling for the unobserved childhood characteristics in the sibling design did not provide any further explanation to the income differentials in mortality. This applied also for cause-specific mortality among men. HR to the cardiovascular diseases was 38% higher and 73% higher in alcohol, accidental and violent causes in the lowest quintile even after adjusting for all observed and unobserved characteristics. Conclusions: The excess mortality in the lowest income quintiles persists even after shared childhood family conditions among siblings are accounted for.
Introduction
T he association between income and mortality has been widely elaborated from the perspective of explanatory factors present in adulthood. [1] [2] [3] These studies show that adult social characteristics such as social class and economic activity largely explain the association between income and mortality but a strong association still remains unexplained. However, events and conditions during childhood have also been found to affect health and mortality at later stages in life. Various studies have reported that those who have experienced poor socioeconomic circumstances in childhood also have elevated mortality in adulthood. [4] [5] [6] [7] [8] [9] Such early life factors may thus also explain income disparities in mortality at adult ages. The association between childhood socioeconomic position and adult health is partially mediated through psychological characteristics, health behaviour and later life social achievements as these factors are to some extent founded on experiences during childhood. [9] [10] [11] Furthermore, inherited genetic factors that increase susceptibility to various diseases may also affect later mortality, although their role is ambiguous when studying inequalities in health and longevity at adult ages. 12, 13 It is thus possible that the income-mortality association in adulthood may partially result from differences in childhood family conditions. 6, 7, 10, 14, 15 Furthermore, this may be more evident for some specific causes of death as childhood family conditions are more strongly related to certain diseases such as coronary heart disease. 6, 16 Studies assessing the income-mortality relationship from the perspective of childhood conditions have been few and suggest that the role of childhood characteristics on the mortality disparity in adulthood is rather small. 17, 18 In Finland, the observed parental social characteristics explained <10% of the age-adjusted mortality disparity between extreme income deciles among young adults. 19 Also in the Netherlands, accounting for parental education, occupational social class and childhood financial situation has been found to attenuate the mortality disparity between educational groups by roughly 10%. 20 Studies looking at educational and social class variations in health have reached broadly similar results. 16, [21] [22] [23] Studies using sibling design have reported moderate attenuation of educational mortality disparity when accounting for unobserved childhood family conditions in Finland, 24 Norway 25 and Denmark. 26 Income, educational level and occupational social class are parallel and related indicators of socioeconomic position, but there are differences in their association with mortality and health. 27, 28 Using income as socioeconomic indicator enables us to identify concentrated groups of those in the most deprived position of the social hierarchy, whereas persons with the lowest level of education comprise up to 40% of the population in most European societies. Previous studies suggest that mortality disparity has generally been greater and increasing more rapidly in Finland when measuring socioeconomic position with income than using educational level. 29, 30 It remains unclear whether all essential childhood family characteristics with regards to the income-mortality association have been taken into account in the previous analyses, which have included characteristics such as parental educational level, parental occupational social class and family type. Accordingly, it remains unclear what the actual contribution of childhood factors to income differences in mortality, or whether the childhood factors contribute particularly to specific causes of death. Furthermore, results of the previous studies accounting for childhood characteristics are based on mortality data for under 60-year olds only, thus limiting the generalizability of the results for older adults and the most common chronic causes of death. The aim of the study was to assess to what extent childhood family characteristics explain all-cause and cause-specific mortality disparity between income quintiles in adulthood. Effectively, we compare same sex siblings sharing the same childhood conditions but with differing income levels in adulthood. Sibling design enables us to take into account unobserved family characteristics, which are shared by the siblings and are often left unadjusted in previous studies. We also extend the analyses to older ages.
Methods
The data were based on a 10% sample of the Finnish census in 1950. It consists of 411 626 persons in 132 862 families (14% of all the families interviewed in the census) and includes information of all persons in the family and living conditions of the household. In order to include sociodemographic information in adulthood to these data, Statistics Finland linked this sample with census files from the years 1970-95 by means of personal identification numbers. Furthermore, Statistics Finland linked the data with mortality records for the years 1971-2007.
A cohort of men and women aged 0-14 years in the 1950 census was followed from the month of their 35th birthday (between 1971 and 1985) until death or censoring at the end of 2007 when they were 57-72 years olds. Persons absent from the census closest to their 35th birthday were excluded from the analysis ($19 000 persons, 16%). These persons had died or had moved abroad before 1971 mostly due to extensive emigration particularly to Sweden in the 1960s. According to sensitivity analysis by Elo et al. 24 this is unlikely to bias the main findings. For cause-specific mortality analysis the deaths were categorized into three groups on the basis of a longitudinally harmonized classification: cardiovascular diseases (International Classification of Diseases, ICD-10 codes: I00-I425, I427-I99), alcohol-related diseases, accidents and violence (F10, G312, G4051,G621, G721, I426,K292, K70, K860, K860, O354, P043,X45, V01-X44, X46-Y89) and all other causes of death. All variables concerning adulthood were measured from the census closest to the 35th birthday. Statistics Finland obtained the personal taxable income information from the registers of Finnish Tax Administration and the Social Insurance Institution. The income variable includes wages, capital income and taxable income transfers. Income was converted to euros in 2011 value using the monetary value table of Statistics Finland, 31 and categorized into quintiles by calculating cut points separately for men and women. One percentage of men and 3% of women had no information on income.
Marital status consisted of three categories: married, never married and widowed/divorced. Household composition had categories of single person households, two and more persons, and unknown. Housing tenure included categories of home owners, renters and those for whom the employer provided housing. Education was measured by four categories of basic (9 years), lower secondary (10-11 years), upper secondary (12 years) and higher education (13+ years). Economic activity was categorized as employed, unemployed, retired (most of the retired at the age of 35 are on disability pension), doing household work, other (students and institutionalized persons) and unknown.
All the information concerning observed childhood conditions was derived from the 1950 census. Education for both mother and father was indicated with categories of no schooling or unknown, primary school and past primary school. Socioeconomic status for each parent consisted of categories of professional/administrative workers, manual/agricultural workers, farmers, employers/selfemployed and other/unknown. Three regions of residence were identified: the capital region, the rest of southern and western Finland, and eastern and northern Finland. Housing crowdedness was measured by persons per heated rooms in four categories of <2, 2-3, 3-4, 4+ and unknown. Housing tenure in childhood was categorized as described earlier.
Cox proportional hazards regression models with age as underlying time were used to estimate the contribution of the observed adulthood and childhood family characteristics to the mortality disparity between income quintiles at the individual level. In order to account for all the unobserved characteristics shared by the siblings, we estimated fixed-effects Cox models using the stratification technique recommended by Allison. 32 This approach allows each group of siblings to have a different baseline hazard function. The clustered nature of the data was taken into account when calculating 95% confidence intervals (CIs) for all the models. Stata 10.1 was used for all analyses.
The hazard ratios (HR) in fixed-effects models are estimated using the variation in income within the families. 32 Therefore, only those families in which the siblings were discordant in income contributed to the fixed-effects-analysis. All persons of the same sex and aged 0-14 living in the same family at the time of the 1950 census were considered to be siblings. Maximum number of siblings was seven, and 60% of the persons were sibling pairs. The analysis was stratified by sex so that only siblings of the same sex contributed to analysis in all the models. No information on the biological relationship of children in the family was available.
Results Table 1 describes the composition of the income quintiles with the variables used in the analyses. The age-adjusted mortality rates for 1971-2007 are presented for all persons in the cohort born 1936-50 and for persons with at least one sibling of the same sex. The absolute level of mortality was slightly lower among persons with siblings among both men and women. However, the mortality disparity between income quintiles was similar in both groups.
Among men other income quintiles than the lowest had high employment rates, whereas roughly 33% of the lowest quintile were not employed but were more often retired on disability pensions (9.3%) or unemployed (8.5%) or others. There was a clear gradient of the proportion married across income quintiles among men and to a smaller extent with the proportion of men with only basic education. Among women only one-third of the lowest income quintile were employed, but nearly half were doing household work. Roughly 10% were unemployed or retired. Somewhat similar economic activity composition was observed in the second quintile. Inverse gradient in proportion of married across income quintiles was evident among women. For both sexes, a rural background in childhood and crowdedness was more common in the lowest quintiles, and the father's high occupational status was more prevalent in the highest quintiles. The distribution of childhood characteristics was quite similar among both men and women. The distributions of variables presented in Table 2 are very similar in the total cohort compared with persons with siblings, and the differences are mostly only 1-2% points. There are slightly fewer (5% points) persons with farmer background in the total cohort in the lowest income quintiles (results not shown here).
Cox regression models were estimated using the data of persons with at least one sibling of the same sex born in 1936-50 and alive at the beginning of the follow-up. In total, there were 27 551 men with 4878 deaths and 24 148 women with 1920 deaths. There was a clear income-mortality gradient in the age-adjusted model 1 among men, with the lowest income men having HR of 2.88 (CI: 2.62-3.17). When the observed childhood characteristics were included in the model 2 the estimates remained almost unchanged. However, including the adulthood sociodemographic characteristics in the age-adjusted model attenuated the disparity so that only the two lowest quintiles had excess mortality of 20-60% (model 3). Adding the observed childhood characteristics to the previous model had again no effect on the estimates (model 4). Among women the age-adjusted mortality disparity was less pronounced than among men. Visible change in the estimates was observed only when including the adulthood sociodemographic characteristics in the model. Only the lowest quintile had excess mortality at 95% confidence level (HR 1.41; CI: 1.16-1.70) after these adjustments. In total, controlling for the observed characteristics attenuated the excess mortality in the lowest quintiles compared with the highest quintile among men by 70% and among women by 30-40%.
There were 11 237 men in families in which at least one of the brothers died (4878) during the follow-up. The respective figure for women was 4936 with 1920 deaths. The fixed-effects analysis is based on these cases. The HRs of fixed-effects models for men showed clear income gradient in mortality with the lowest income quintile having almost three times higher mortality than the top quintile. Including the adulthood characteristics attenuated the disparity markedly but excess mortality in the lowest income quintile compared with the highest quintile remained (HR 1.66; CI: 1.38-2.00). Among women there was excess mortality only in the lowest quintile. HR was reduced from 1.62 (CI: 1.27-2.06) to 1.42 (CI: 1.06-1.91) when the adulthood sociodemographic factors were controlled for. We conducted a cause-specific analysis only for men because there were too few deaths among women for any significant results in the fixed-effects setting. Age-adjusted mortality disparity in all three causes of death was observed with HRs in the lowest quintiles ranging from 1.52 to 3.31 (CIs: 1.27-1.82 to 2.79-3.93). Again the observed childhood characteristics did not notably attenuate the disparity but after adding adulthood characteristics to the model the disparity attenuated by 70% in the lowest quintile and even more in the other quintiles in all groups. HRs of two lowest quintiles ranged from 1.24 to 1.71 (CIs: 1.02-1.50 to 1.39-2.10) in the cardiovascular diseases and all other causes whereas in alcoholic, violent and accidental causes only the lowest quintile had excess mortality with HR of 1.56 (CI: 1.27-1.92). Age-adjusted mortality gradient was also visible in fixed-effects model 5. After adjusting for 
Discussion
We observed a gradient in age-adjusted mortality between income quintiles, with HR of 2.88 and 1.55 between the extreme quintiles among men and women, respectively. Accounting for the observed childhood characteristics did not attenuate the disparity in mortality, whereas adjusting for the sociodemographic characteristics in adulthood reduced the differences in the lowest quintiles compared with the highest by $70% among men and 30-40% among women. However, excess mortality remained in the lowest quintile among both men and women. Controlling for the unobserved childhood characteristics in the fixed-effects sibling design did not provide any further explanation to the income differentials in mortality. The mortality disparity was also found when mortality to cardiovascular diseases and alcohol related, violent and accidental causes were analysed among men. Studies focusing on childhood conditions as the explanation for mortality disparity between income groups in adulthood have been few. To our knowledge only three studies have analysed the association between childhood factors and income-mortality disparity in later life. Lynch et al. 17 found no statistically significant association between childhood conditions and disparity in adult mortality of 42-60-year-old men in Finland with data limited to only 166 deaths. Martikainen et al. 19 reported a 7% attenuation of disparity between two lowest income deciles among men and <4% among women when observed childhood characteristics were accounted for among 30-to 42-year olds in Finland. Claussen et al. 18 observed a 2-4% attenuation of mortality disparity by income among men and women when childhood conditions were accounted for among 35-54 year olds in Norway. Overall, these studies as well as our study show that in high-income countries parental background has little effect on mortality inequalities later in life.
Previous studies have accounted only for some general childhood conditions such as parental educational level, family type and housing conditions. By accounting for shared unobserved factors using a sibling-design, our analysis provides significantly more robust evidence on the processes behind the income-mortality disparity. As our data also contained observed information on childhood social conditions, it also enabled comparisons between measured and unobserved childhood characteristics. Our results show that when sociodemographic characteristics in adulthood are taken into account neither unobserved nor the observed shared childhood characteristics attenuate the disparity between income quintiles significantly. However, there are also childhood characteristics that are not shared by the siblings (e.g. peer groups and illnesses in childhood) that can still be relevant in addressing the association. These factors can also be associated with adulthood sociodemographic characteristics, and therefore the attenuation of the income-mortality disparity when adjusting for characteristics in adulthood may partially reflect mechanisms caused by childhood characteristics not shared by the siblings.
Due to the rather young study populations in the previous studies, their results are dominated by accidents, suicides and other nonchronic causes of death, whereas in our older study population chronic causes of death are more important. [17] [18] [19] There is evidence that in the northern European countries childhood circumstances may contribute to external and alcohol-related causes of deaths. 6, 16 Furthermore, alcohol-related causes of death have been major contributors to the increasing socioeconomic mortality disparity from the 1970s among men. 30, 33 However, in our analysis the excess mortality in the lowest income quintile in alcohol/violent/ accidental causes of death remained after adjusting for childhood family conditions. This study also extended the finding of relatively small impact of childhood factors on social differences in mortality at ages beyond 60 years when mortality is dominated by cardiovascular causes of death. The mortality disparity to cardiovascular diseases persisted after including unobserved childhood family characteristics, but due to the wide CIs the disparity was bordering on not being statistically significant at 95% level.
Methodological considerations
Census and register linkage data are robust in that problems related to non-response bias and the use of retrospective data on childhood conditions are absent and also the number of persons lost to followup is small. However, income was measured only by individual income and therefore may not reflect the real consumption potential and material conditions as other persons in the household may also contribute to the family budget. A previous study showed that the mortality disparity among men between highest and lowest deciles is roughly 80% greater when using individual income compared with the household income. 19 Mortality in the lowest individual income quintile among women may be affected by housewives with low individual income, whose household income may be substantially higher. Due to the high proportion of housewives in the lowest quintile, we also conducted the analysis only for persons employed at age 35. The age-adjusted disparities were lower but after adjusting for adulthood sociodemographic characteristics the estimated coefficients were close to those in the initial analysis (see Supplementary Appendix  Table S1 ). Overall, however, such measurement issues are only likely to affect the magnitude of income differences in mortality, not the contribution of childhood factors to these differentials.
The income-mortality relationship observed after adjusting for various sociodemographic and family background characteristics in fixed-effects setting may be affected by health-related reverse causality. That is, low income may be the result of poor health and therefore also the underlying cause of the association between income and mortality. 34 Our analyses partly account for health selection by adjusting for disability based early retirement. Furthermore, measuring income at the age of 35 reduces the effect of reverse causality in this study. By this age, people have usually reached roughly their average income level but deteriorating health at older ages has not affected their earnings to a great extent. We also obtained similar results in sensitivity analyses using only persons employed at age 35 (and therefore healthy enough to be employed), therefore we believe that the effect of residual healthrelated reverse causality is not substantial.
Our analysis included only siblings of the same sex but we also ran Cox regression analyses for all-cause mortality including all those aged 0-14 in 1950 (see Supplementary Appendix Table S2 ). Differences compared with models 1-4 were small. Also the distribution of the variables used in the analysis is nearly identical compared with the population used in the main analyses. This indicates that restricting the analyses to persons with siblings of the same sex has not significantly affected our results.
Only siblings discordant in terms of income contributed to the estimation in fixed-effects analysis. Therefore the population is restricted in the fixed-effects analysis. However, when comparing the restricted population to the population with at least one sibling of the same sex, the distributions of income, education and economic activity were roughly similar. The proportion of those in the lowest income quintile or with basic education was 3-8% points higher in the restricted population than in the population used in the regular Cox models. When we fitted the Cox models again using only the discordant siblings by income the results remained mainly similar with only slightly lower HRs in the lowest quintile.
Conclusions
A clear gradient exists in mortality between income groups but shared childhood conditions among siblings are of limited relevance when explaining this disparity. Conditions existing later in the life such as low education and low economic activity are more strongly connected to income disparity in mortality. Although the childhood conditions not shared by the siblings may still contribute to the income-mortality association, our observations underline the importance of targeting the adulthood risk factors when tackling the increasing mortality disparities.
